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DETERMINATION OF THE ESSENTIAL
EFFECT OF MODIFICATION IN THE
COMPOSITION OF THE COMBINED
VIBRATION TREATMENT TECHNOLOGY
ON THE MECHANICAL PROPERTIES

OF AK7 ALLOY

O6’ckmom docnidwcenns e cnaae AK7, wo niddaemocsa xomnaexcuiii 0ii ibpayii ma mooupikyeanms 6 npoyeci
BUPOOCHULMEA YUTTHOPUUHUX 3A20MOBOK CROCOOOM AUMMS 8 KOKitb. O0nuM 3 HauGibuL NPOOIEMHUX MICUL € BU-
SHAUEHHS. PAUTOHATOLHUX PENCUMIE BNAUGY MEXHOL0ZIUHUX (PAKmOopie Ha Cnaas, wo 3a6e3neuyioms 3a006804eHHs
3a0anozo pisns 61ACMUBOCMEN 34 YMOB ix KOHKYPYI0UOi npupoou.

B x00i docridacenns suKopucmosy8amics Memoou pezpeciitnozo anaiidy ma SUSHAUAIUCs 34 NepcneKmushi
Memodu Qucnepcitinozo ananisy 0ns nioGUeHHs MOYHOCME 6UCHOBKIB. S0KpeMa, Hasedeno pesyivmamu pezpe-
Cilln020 ananisy O0aHuUX eKCnepuMenmaivio-npPoMUCIOBUX 00CIONCeHs MexXHOL02ii 6i6P00OPOOKIU 3 UACMOMOI0
100150 Iy 3 dodamkosum 66000M Yy Po3NIA8 YAbMPaoucnepcHozo modudixamopy. Ompumano pesyivmami,
Wo cmocyomvcst niomeepoHcentst inomesu w000 3HAUYwocmi 6naugy mMooudikamopa Ha niosUWEHH Mexa-
niunux enacmueocmeti cnaasy: HB, 6y 9, Gy, O, . Le saxcauso, 60 namazanms niosuuumu 61acmueocmi cniasy
BUKOPUCTNANHAM KOMOTHOBAHUX TMEXHOLOZIUHUX PIleHb He3MINHO GUKIUKAE GUMPAMU eHepeii ma MaAmepiaivHux
pecypcis. 3asiaxu upomy 3a06e3neuyemnpCs MONCIUGICMb enepzo- Ma Pecypco3aouaddceii 6 MexHoI0ZIUHOMY
npoyeci. Ompumaii pesyiomamu noKA3AIU, U0 UKOPUCTIANHL MOOUPDIKYeains sk 000amKo6oi ck1adosoi mex-
HO0ZIHO20 npoyecy nidsuwyio auwe ¥, aie smerwye HB ma o5 B dianasoni wacmomu eibpayii 100—140 Iy
MOOUDIKYBAHHS NOZUMUBHO 6NAUBAE HA Gy, NIOBUIWEHHS HC UACMOMU BUe Yiel 8equuuHU NPU3sooums 0o
nozipwenns pesyivomamy. 360pomiii eghexm cnocmepizacmupcs 6i0HOCHO &g — 3 NIOBULEHHAM YacmOmu 8ibpauii
nonad 140 Iy moougixyeanis nidsuwye uo xapaxmupucmuxy cniasy, 6 oianasoni 100—140 Iy esedenns modu-
pixamopa moxcna esaicamu e 0bzpynmosanum. Taxum uunom, 6CManosieno, o MoOUPiKyeans HeooHo3HaAUHO
BNIUBAE HA BLACTNUBOCINT CNIABY, MOMY Ol BUOOPA PAUIOHANBHOZ0 MEXHOJL0ZIUH020 PENCUMY NOMPIOHe supiuens
Komnpomicroi 3adaui. Ile no6’a3ano 3 GUAGIEHUM (DAKMOM KOHKYPYIOUUX BLACMUBOCTEN. 3anpononosano 0is
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YMOUHEHHS. OMPUMAHUX PE3YIbMAMIE BUKOPUCTIAMU MemOOU OUCNEPCIIHO20 AHANI3Y.
Kmouosi cnosa: mexionozii 6i6poobpodru, eniue mooudikysanis, cnaiae AK7, pezpecitinuii ananis, oucnep-

ClUHUL ananis.

1. Introduction

External effects on alloys are based on the use of dif-
ferent physical principles, for example:

— complex treatment of liquid silumin in a magneto-

dynamic unit (MDU) [1], which allows to eliminate

liquation, grind the structural components of pre- and
hypereutectic silumin, increase the relative elongation
of the alloys;

— treatment by increasing pressure and modifying [2],

providing a complex effect on the micro- and macro-

structure of the alloy;

— complex treatment by vibration and directional crys-

tallization [3], which allows to increase the mechanical

properties due to the grinding of grain.

The possibilities of regulating the structure formation
processes during the vibration process are noted in [4, 5].
It is shown that when exposed to a metal with an elec-
tric vibrator, the economic aspects of the implementation
of such technological solutions should be taken into ac-
count [6]. In [7, 8], variants of technological implementa-
tions of the vibration process for pouring traction drive

electric motors into the molds of rotors are described. It is
noted that the use of selected modes in the practice of
casting rotors minimizes the probability of formation of
internal porosity, thus providing the best traction charac-
teristics. Therefore, it is relevant to apply an integrated
approach to the impact on the liquid metal. Thus, the
object of research is AK7 alloy, which is subjected to the
complex effect of vibration and modification during the pro-
duction of cylindrical billets by means of casting in
a casting mold. The aim of research is mathematically
confirmation or denies the effect of modifying, as part of
the combined treatment of a melt by vibration, on the
mechanical properties of the alloy.

2. Methods of research

Experimental industrial data obtained under the con-
ditions of the foundry shop of Dnipropetrovsk Aggregate
Plant OJSC (Ukraine) [9] were taken as the basis for
the analysis. Melting of the AK7 alloy was performed in
a CAT-04 furnace. Filling was carried out in a steel turn-
out casting mold with an average diameter of 60 mm with
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a wall thickness of 5 mm and a working cavity height
of 150 mm. Previously, the working cavity of the casting
mold was heated to 380-400 °C and covered with paint
based on disten sillimanite. Heated casting mold with a pro-
tective coating was installed and fixed on the vibration
installation, providing after pouring the mode of vibra-
tion exposure with amplitude of 0.7 mm at a frequency
of 100 Hz, 150 Hz, 200 Hz. The melt was poured into
the casting mold at a temperature of 720+5 °C.

In the process of vibration at these frequencies, two
series of experiments were carried out:

Series 1: Filling of the unmodified and modified by
the preparation «Typhoon-Z» (0.1 wt. %).

Series 2: Filling of unmodified and modified alloy in
the casting mold without vibration.

After cooling the poured samples, the mechanical proper-
ties and density of the alloy were measured. The experi-
mental method is described in detail in [9].

On the basis of the obtained data, a table of results
was formed, on the basis of which a regression analysis
was carried out using the Excel spreadsheet environment.
The task was in determination of the effect of modifying
on the properties of the alloy as an additional factor of
influence, together with vibration.

3. Research results and discussion

Fig. 1-5 show the results of the regression analysis
aimed at identifying the influence of the vibration fre-
quency on the properties of the alloy for each process
mode — vibration and vibration+modification.

Fig. 1-5 show that the answer to the question of the
significant effect of modification as an additional factor
is ambiguous. So, from Fig. 1 it is shown that the modi-
fication reduces the hardness of the alloy in comparison
with the vibration treatment. The same conclusion can
be drawn with respect to o, (Fig. 3).
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However, the modification increases 69, but only up to
a frequency of 140 Hz, the frequency excess leads to worse
results compared to the usual vibration treatment. Modifi-
cation has a positive effect on o5 only when the frequency
exceeds 140 Hz (Fig. 4). In relation to v, it can be said that
in the entire frequency range of vibration, the action of the
modifier enhances this characteristic of the alloy (Fig. 5).

It should be noted that the graphs (Fig. 1-5) were ob-
tained for the average values of the properties of the alloy
(mathematical expectations). Mathematical expectations were
calculated as the average of parallel measurements (n=2 or
n=3). The difference in the sample size and the characte-
ristics of the object of research leads to the fact that the
variance can’t be determined with sufficient accuracy. It is
possible to talk about the assessment of dispersions, which
should be considered when comparing the two technological
modes — treatment of the alloy with pure vibration and the
combined treatment of vibration + modification. Therefore,
the need for the use of an analysis of variance can be con-
sidered a prospect for the development of this study [10].
The well-known results of work [11], devoted to the use of
an analysis of variance to assess the significance of the effect
of modifying on the quality of an alloy, allow to consider it
reasonable for the problem under consideration. The task
in this case is to determine whether the effect of modi-
fication on the increase of mechanical properties and the
density of the alloy in the process of vibration treatment
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is significant. The procedure algorithm is as follows. The
group average contents of the y® values for the alloy not
treated with the modifier (@) and treated with the modi-
fier (y) are calculated:

. {a
v =200 ()
i=1
I
Yjgr :Ezyj,i ) (2)

where y ]'gr, y ; gr — the average group values of the properties

of the unmodified and modified alloy, respectively; n — the

number of parallel measurements of the properties of the alloy;

yﬁ’?), yﬁ’f) — values of properties in each of the parallel mea-

surements of unmodified and modified alloy, respectively.
The residual dispersion is calculated:

=G S5 @

where k — the number of levels; k=2 (the first level is an un-
modified alloy, the second level is a modified alloy); yﬁ’,) —the
value of the properties of the alloy in each experiment;
y) — the total average value of the i-th alloy property, de-
termined by the formula:

1
=k(2y£ig). (4)
=1
The factor variance is calculated:

2(7 ). (5)

where y%r — the average group values of the properties of
the alloy, defined for unmodified and modified alloys by the
formulas (1), (2), respectively.
When the condition is met:
i
F=—=> Er) (6)

2
r

the effect of the modifier on the i-th alloy property should be
considered significant. Otherwise, the influence of the factor
is considered insignificant. In this case, using the Student’s
t-criterion, the level from which its influence is manifested is
determined. However, this requires additional experimental
studies with different amounts of the introduced modifier.

4. Conclusions

It is shown that the use of an ultradisperse modifier
as an additional technological step for vibration treatment
of the AK7 system alloy by means of a casting in a metal
mold increases the value of y over the entire range of
vibration frequencies studied (100—150 Hz), but reduces
the HB and o In the frequency range of 100-140 Hz,
modifying increases G¢9, however, when the frequency ex-
ceeds 140 Hz, the positive effect of the modifier ceases
and its use becomes unjustified in relation to this alloy
characteristic. The opposite effect has been established
with respect to the effect of the modifier on 6, — the use
of the modifier is justified only in the frequency range of
140—150 Hz. To refine the obtained results, it is necessary

to carry out an analysis of variance, which will require
additional experiments.

The obtained results suggest that competing criteria in
the properties of the alloy and the need for a compromise
solution to the problem of choosing rational technological
modes of AK7 alloys processing in the manufacture of
cylindrical blanks by casting in a casting mold.
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